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generally traveled by exhaust-emitting vehicles, and 
sites through which gaseous substances regularly flow 
and are likely to escape. The location which is the 
source of telemetrically-transmitted air-content data 
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mission may be accomplished by satellite (13) link, cel- 
lular relay, or radio-transmission. 
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© Air quality in a geographic area is monitored 
through an integrated network (10) of a central site 
(80) for receiving telemetrically-transmitted air-con- 
tent data and multiple air-content sensors (20, 30, 
40, 50, 60, 70) distributed throughout the geographic 
area. The air-content sensors (20, 30, 40, 50, 60, 70) 
telemetrically-transmit air-content data to the central 
information receiving site (80). The distributed sen- 
sors (20, 30, 40, 50, 60, 70) not only monitor air in 
general but are also located at pollutant emission 



sites such as industrial exhaust flues (61), vehicle 
thoroughfares (51) which are generally traveled by 
exhaust-emitting vehicles, and sites through which 
gaseous substances regularly flow and are likely to 
escape. The location which is the source of 
telemetrically-transmitted air-content data may be 
identified by encoding the signal (22, 32, 42, 52, 62, 
72) transmitted from the source. Telemetric-trans- 
mission may be accomplished by satellite (13) link, 
cellular relay, or radio-transmission. 
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TECHNICAL FIELD OF THE INVENTION 

The present invention relates to a system for 
monitoring air quality, and more particularly to an 
integrated system for real-time assessment of air 
quality. 

BACKGROUND OF THE INVENTION 

The quality of air greatly affects the sustenance 
of plant and animal life in a geographic area. In 
particular, air quality affects the ability of humans 
to comfortably live or survive in a geographic area. 
Air quality is affected by the types and concentra- 
tions of gaseous substances that are present in the 
normal unadulterated mixture of gases that make 
up air. The quality of air at a given instant is a 
function of pollutants present in air and pollutants 
entering air. It is important to monitor air quality to 
detect any changes for several reasons. One rea- 
son is that a change in air quality may result in a 
condition that is less than optimum for human 
habitation of the area. In this instance, individuals 
may experience severe health problems in attempt- 
ing to breathe degraded air or may not be able to 
live if air in the area is breathed over a period of 
time. It is desirable in these instances to issue 
health warnings or alerts. Another reason for moni- 
toring air quality is that a change in air quality due 
to pollutants may be an indication of an impending 
or occurring environmental or man-made disaster. 
For example, gaseous emissions from a volcano 
may signal an impending or occurring eruption. 
Similarly, an accident at a nuclear plant or in a gas 
pipeline will cause characteristic gases to enter the 
air. 

A problem in monitoring air quality is that it is 
difficult to accurately assess air quality in a geo- 
graphic area where the content of the air frequently 
changes due to pollutants periodically or regularly 
entering the air. Likely emitters of gaseous pollu- 
tants are vehicle exhausts, industrial flues, and 
mechanical members such as flanges and valves 
of pipelines which restrain or direct the flow of 
gaseous substances. 

SUMMARY OF THE INVENTION 

It is an object of the invention to provide a 
means for analyzing air-quality on a continuous, 
real-time basis. 

It is a further object of the invention to provide 
a means for real-time analysis of air quality by 
integrating air-quality information from multiple 
monitoring sites including pollutant emission sites. 

According to a preferred embodiment of the 
present invention, air quality in a geographic area 
is monitored through an integrated network of a 



central site for receiving telemetrically-transmitted 
air-content data and multiple air-content sensors 
distributed throughout the geographic area. The air- 
content sensors telemetrically-transmit air-content 

5 data to the central information receiving site. The 
distributed sensors not only monitor air in general 
but are also located at pollutant emission sites 
such as industrial exhaust flues, vehicle thorough- 
fares which are generally traveled by exhaust-emit- 

w ting vehicles, and sites through which gaseous 
substances regularly flow and are likely to escape. 
The location which is the source of telemetrically- 
transmitted air-content data may be identified by 
encoding the signal transmitted from the source. 

15 Telemetric-transmission may be accomplished by 
satellite link, cellular relay, or radio-transmission. 

Other aspects, objects, features, and advan- 
tages of the present invention will become appar- 
ent to those skilled in the art upon reading the 

20 detailed description of preferred embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a graphic illustration of a system for 
25 monitoring air quality according to a preferred em- 
bodiment of the invention. 

DETAILED DESCRIPTION OF PREFERRED EM- 
BODIMENTS OF THE INVENTION 

30 

While the specification concludes with claims 
particularly pointing out and distinctly claiming the 
subject matter which is regarded as the present 
invention, the invention will now be described with 
35 reference to the following description of embodi- 
ments taken in conjunction with the accompanying 
drawings. 

The invention integrates multiple air-monitoring 
capabilities into a single system which provides 

40 real-time analysis of air-content. Referring to Fig. 1, 
therein is illustrated in graphic form a system for 
monitoring air quality 10 in accordance with a pre- 
ferred embodiment of the invention. Fig. 1 graphi- 
cally depicts a geographic area. The air-content at 

45 several sites is analyzed and integrated into the 
system 10. The content of air above the ground 1 1 
is analyzed by an airborne sensor 20. The purpose 
of the airborne sensor 20 is to analyze air at 
different altitudes above the ground 1 1 and at dif- 

so ferent locations in the geographic region. A conve- 
nient means of performing airborne analysis is by 
mounting the airborne sensor 20 upon an air ve- 
hicle such as a helicopter 21. The helicopter 21 
provides the advantage of being able to hover to 

55 obtain a reading and analysis at a fixed mid-air 
location. The airborne sensor 20 is able to take 
readings at a variety of mid-air locations in a short 
period of time. 
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Each sensor, such as the airborne sensor 20, 
used in the system 10 is a commonly-used air- 
content analyzer such as an Infrared Laser Absorp- 
tion Based System (also known by the acronym 
LIDAR) or either of the so-called Fourier Transform 
(FTIR) or Non-Dispersive Infrared (NDIR) systems. 
However, each sensor in the system 10 instan- 
teously telemetrically transmits its air-content data 
to a central receiving source. Telemetric-transmis- 
sion includes signal transmission through a satellite 
link, through cellular relay stations (as are com- 
monly used in mobile telephones), and simple ra- 
dio transmission as commonly used in police cars. 
In the system 10 illustrated in the preferred em- 
bodiment of Fig. 1, a satellite 13 link is employed 
to transmit the air-content data signal 22 from the 
airborne sensor 20 to an air-quality management 
center 80. In the graphic illustration of the preferred 
embodiment shown, the signal 22 from the airborne 
sensor 20, as are other signals, is collected by a 
parabolic dish antenna 83 atop the receiving station 
81 of the air-quality management center 80. 

A relatively fixed ground-base air-content sen- 
sor 30 may be placed atop a structure such as a 
building 31. A convenient means of transmitting the 
air-content data signal 32 from the ground base 
sensor 30 is through an antenna tower 33. Antenna 
towers 33 are commonly found atop tall buildings 
and may serve as a convenient means for transmit- 
tal of the signal. The air-content data signal 32 
from the ground-based sensor 30 is also 
telemetrically-transmitted to the air quality manage- 
ment center via the satellite 1 3 link. 

Air-content from various sites at ground 1 1 
level may be analyzed through the use of a 
ground-vehicle-based air-content sensor 40. Such a 
ground-vehicle sensor 40 may conveniently be 
mounted upon a vehicle such as a van 41 or car. 
Once again, the air-content data signal 42 from the 
ground-vehicle-based sensor 40 is telemetrically- 
transmitted via satellite 13 link to the dish antenna 
83 at the receiving station 81 . 

In order to accurately assess air quality in a 
geographic area, not only must the air content in 
general be analyzed but also the nature and 
amounts of pollutants entering the air must be 
assessed. The airborne 20, ground-based 30, and 
ground-vehicle-based 40 sensors analyze and 
transmit data regarding air-content at precise points 
at precise instants, however, in the next instant the 
air-content at a particular point may change due to 
pollutants which have previously entered the air but 
whose effect has not yet been monitored. In the 
system 10 illustrated in Fig. 1, sensors 50, 60, and 
70 are strategically located at potential pollutant 
emission sites. A roadside vehicle-emission sensor 
50 placed next to a highway 51 analyzes the con- 
tent of air at a point along the highway 51. A 



mixture of gases contained in air sampled from this 
location will be heavily laced with gases emitted 
from vehicle exhausts. As these polluting gases 
enter the atmosphere in a particular geographic 
5 area, the quality of air degrades as these pollutants 
mix with the air. As before, the air-content data 
signal 52 is transmitted via satellite 13 link to the 
dish antenna 83 at the air quality management 
center 80. 

io The system 10 monitors the exhaust flue of 

industrial sites as another pollutant source. In the 
system 10 illustrated in Fig. 1, an air-content sen- 
sor 60 monitors the smoke stack 61 of a factory 63 
to assess the types and rates of emission of pollu- 

15 tants. The air-content data signal 62 is telemetrical- 
ly-transmitted via the satellite 13 link to the air 
quality control center 80. A so-called fugitive-emis- 
sion sensor 17 is placed at the site of a normally- 
closed system such as a gas pipeline 71 to monitor 

20 escaping pollutants. The sensor 70 is shown in 
proximity to the most likely points of pollutant leak- 
age, namely, flanges 73 and valves 75. Any leaking 
pollutant is detected by the sensor 70 and resulting 
air-content data 72 is telemetrically-transmitted via 

25 the satellite 13 link to the dish antenna 83 at the 
receiving station 81 . 

In order to provide an accurate real-time analy- 
sis of the air-content in a geographic area as illus- 
trated, the air quality management center 80 must 

30 be able to distinguish the sources of the various 
signals 22, 32, 42, 52, 62, 72 received. Identifica- 
tion of each signal source is achieved by encoding 
each data signal. A convenient method for encod- 
ing each signal is to transmit each signal in digital 

35 form with a binary code indicative of each source 
embedded in the signal. When each signal 22, 32, 
42, 52, 62. 72 is bit-encoded in this manner, the 
source of each can be readily ascertained, as 
graphically illustrated in Fig. 1. 

40 The system 10 is able to present a real-time 

analysis of air-content in a geographic area by 
integrating the signal responses 22, 32, 42, 52, 62, 
72 received from respective multiple air-content 
sensors 20, 30, 40, 50, 60, 70. The system 10 is 

45 capable of determining air quality at a given in- 
stant, changing air quality over a period, and pre- 
dictable future air quality based upon real-time 
empirical data. 

As should be apparent from the foregoing 

so specification, the invention is susceptible of being 
modified with various alterations and modifications 
which may differ from those which have been de- 
scribed in the preceding specification and descrip- 
tion. Accordingly, the following claims are intended 

55 to cover all alterations and modifications which do 
not depart from the spirit and scope of the inven- 
tion. 
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Claims 

1- A system for monitoring air quality in a geo- 
graphic area comprising: 

means for receiving telemetricatly-transmit- 5 
ted air-content data; 

at least one ground-based air-content 
sensing means in the geographic area, having 
means for telemetrically-transmitting air-con- 
tent data to said means for receiving w 
telemetrically-transmitted air-content data; 

at least one air-content sensing means 
proximate a source in the geographic area 
from which gases to be detected may escape, 
having means for telemetrically transmitting 75 
air-content data to said means for receiving 
telemetrically-transmitted air-content data; and 

at least one air-content sensing means 
mounted upon a vehicle traveling in the geo- 
graphic area, having means for telemetrically- 20 
transmitting air-content data to said means for 
receiving telemetrically-transmitted air-content 
data. 

2, A system for monitoring air quality in a geo- 25 
graphic area comprising: 

means for receiving telemetrically-transmit- 
ted air-content data; 

at least one air-content sensing means 
mounted upon an airborne vehicle traveling in 30 
the geographic area, having means for 
telemetrically transmitting air-content data to 
said means for receiving telemetrically-trans- 
mitted air-content data; 

at least one ground-based air-content 35 
sensing means in the geographic area, having 
means for telemetrically transmitting air-con- 
tent data to said means for receiving 
telemetrically-transmitted air-content data; 

at least one air-content sensing means 40 
mounted upon a ground vehicle traveling in the 
geographic area, having means for 
telemetrically transmitting air-content data to 
said means for receiving telemetrically-trans- 
mitted air-content data; 45 

at least one air-content sensing means po- 
sitioned proximate a thoroughfare in the geo- 
graphic area, having means for telemetrically 
transmitting air-content data to said means for 
receiving telemetrically-transmitted air-content 50 
data; 

at least one air-content sensing means 
mounted proximate an exhaust of an industrial 
flue in the geographic area, having means for 
telemetrically transmitting air-content data to 55 
said means for receiving telemetrically-trans- 
mitted air-content data; and 

at least one air-content sensing means po- 



sitioned proximate a mechanical member from 
which gases may escape in the geographic 
areas, having means for telemetrically trans- 
mitting air-content data to said means for re- 
ceiving telemetrically-transmitted air-content 
data. 

3. The invention of claim 2, each said means for 
telemetrically transmitting air-content data to 
said means for receiving telemetrically-trans- 
mitted air-content data of said respective air- 
content sensing means mounted upon an air 
vehicle, ground-based air-content sensing 
means, air-content sensing means mounted 
upon a ground vehicle, air-content sensing 
means positioned proximate a thoroughfare, 
air-content sensing means mounted proximate 
an exhaust of an industrial flue, and air-content 
sensing means positioned proximate a me- 
chanical member from which gases may es- 
cape, comprising means for telemetrically 
transmitting bit-coded air-content data to said 
means for receiving telemetrically-transmitted 
air-content data so that a source of each bit- 
coded transmission is identifiable by binary bit- 
coding distinct to said source. 

4. The invention of claim 2, said means for re- 
ceiving telemetrically-transmitted air-content 
data comprising means for receiving 
telemetrically-transmitted air-content data from 
a satellite and said means for telemetrically 
transmitting air-content data to said means for 
receiving telemetrically-transmitted air-content 
data of said respective air-content sensing 
means mounted upon an air vehicle, ground- 
based air-content sensing means, air-content 
sensing means mounted upon a ground ve- 
hicle, air-content sensing means positioned 
proximate a thoroughfare, air-content sensing 
means mounted proximate an exhaust of an 
industrial flue, and air-content sensing means 
positioned proximate a mechanical member 
from which gases may escape, comprising 
means for telemetrically transmitting air-con- 
tent data to the satellite. 

5. The invention of claim 2, said central data 
receiving means for receiving telemetrically 
transmitted air-content data comprising means 
for receiving direct radio-transmitted air-con- 
tent data and said means for telemetrically 
transmitting air-content data to said means for 
receiving telemetrically-transmitted air-content 
data of said respective air-content sensing 
means mounted upon an air vehicle, ground- 
based air-content sensing means, air-content 
sensing means mounted upon a ground ve- 
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hicle, air-content sensing means positioned 
proximate a thoroughfare, air-content sensing 
means mounted proximate an exhaust of an 
industrial flue, and air-content sensing means 
positioned proximate a mechanical member s 
from which gases may escape, comprising 
means for telemetricaliy transmitting air-con- 
tent data by direct radio wire transmission to 
said means for receiving radio-transmitted air- 
content date. jo 

6. The invention of claim 2, said means for re- 
ceiving telemetricaliy transmitted air-content 
data comprising means for receiving 
telemetrically-transmitted air-content data from rs 
at least one cellular relay station and said 
means for telemetricaliy transmitting air-con- 
tent data to said means for receiving 
telemetrically-transmitted air-content data of 

said respective air-content sensing means 20 
mounted upon an air vehicle, ground-based 
air-content sensing means, air-content sensing 
means mounted upon a ground vehicle, air- 
content sensing means positioned proximate a 
thoroughfare, air-content sensing means moun- 25 
ted proximate an exhaust of an industrial flue, 
and air-content sensing means positioned 
proximate a mechanical member from which 
gases may escape, comprising means for 
telemetricaliy transmitting air-content data to at, 30 
least one cellular relay station for retransmis- 
sion to said means for receiving telemetrically- 
transmitted air-content data from at least one 
cellular refay station. 

35 

7. A system for monitoring air quality in a geo- 
graphic area comprising: 

means for receiving telemetrically-transmit- 
ted binary-coded air-content data; 

at least one air-content sensing means 40 
mounted upon an airborne vehicle traveling in 
the geographic area, having means for 
telemetricaliy transmitting binary-coded air- 
content data to said means for receiving 
telemetrically-transmitted binary-coded air-con- 45 
tent data; 

at least one ground-based air-content 
sensing means in the geographic area, having 
means for telemetricaliy transmitting binary- 
coded air-content data to said means for re- so 
ceiving telemetrically-transmitted binary-coded 
air-content data; 

at least one air-content sensing means 
mounted upon a ground vehicle traveling in the 
geographic area, having means for 55 
telemetricaliy transmitting binary-coded air- 
content data to said means for receiving 
telemetrically-transmitted binary-coded air-con- 



tent data; 

at least one air-content sensing means po- 
sitioned proximate a thoroughfare in the geo- 
graphic area, having means for telemetricaliy 
transmitting binary-coded air-content data to 
said means for receiving telemetrically-trans- 
mitted binary-coded air-content data; 

at least one air-content sensing means 
mounted proximate an exhaust of an industrial 
flue in the geographic area, having means for 
telemetricaliy transmitting binary-coded air- 
content data to said means for receiving 
telemetrically-transmitted air-content data; and 

at least one air-content sensing means po- 
sitioned proximate a mechanical member from 
which gases may escape in the geographic 
areas, having means for telemetricaliy trans- 
mitting binary-coded air-content data to said 
means for receiving telemetrically-transmitted 
binary-coded air-content data. 

8. The invention of claim 7, said means for re- 
ceiving telemetrically-transmitted binary-coded 
air-content data comprising means for receiv- 
ing telemetrically-transmitted binary-coded air- 
content data from a satellite and said means 
for telemetricaliy transmitting binary-coded air- 
content data to said means for receiving 
telemetrically-transmitted binary-coded air-con- 
tent data of said respective air-content sensing 
means mounted upon an air vehicle, ground- 
based air-content sensing means, air-content 
sensing means mounted upon a ground ve- 
hicle, air-content sensing means positioned 
proximate a thoroughfare, air-content sensing 
means mounted proximate an exhaust of an 
industrial flue, and air-content sensing means 
positioned proximate a mechanical member 
from which gases may escape, comprising 
means for telemetricaliy transmitting binary- 
coded air-content data to the satellite. 

9. The invention of claim 7, said central data 
receiving means for receiving telemetrically- 
transmitted binary-coded air-content data com- 
prising means for receiving direct radio-trans- 
mitted binary-coded air-content data and said 
means for telemetricaliy transmitting binary- 
coded air-content data to said means for re- 
ceiving telemetrtcally-transmitted binary-coded 
air-content data of said respective air-content 
sensing means mounted upon an air vehicle, 
ground-based air-content sensing means, air- 
content sensing means mounted upon a 
ground vehicle, air-content sensing means po- 
sitioned proximate a thoroughfare, air-content 
sensing means mounted proximate an exhaust 
of an industrial flue, and air-content sensing 
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means positioned proximate a mechanical 
member from which gases may escape, com- 
prising means for telemetrically transmitting bi- 
nary-coded air-content data by direct radio 
transmission to said means for receiving direct 5 
radio-transmitted binary-coded air-content 
date. 

10. The invention of claim 7, said means for re- 
ceiving telemetrically transmitted binary-coded w 
air-content data comprising means for receiv- 
ing telemetrically-transmitted binary-coded air- 
content data from at least one cellular relay 
station and said means for telemetrically trans- 
mitting binary-coded air-content data to said 75 
means for receiving telemetrically-transmitted 
binary-coded air-content data of said respec- 
tive air-content sensing means mounted upon 
an air vehicle, ground-based air-content sens- 
ing means, air-content sensing means moun- 20 
ted upon a ground vehicle, air-content sensing 
means positioned proximate a thoroughfare, 
air-content sensing means mounted proximate 
an exhaust of an industrial flue, and air-content 
sensing means positioned proximate a me- 25 
chanical member from which gases may es- 
cape, comprising means for telemetrically 
transmitting binary-coded air-content data to at 
least one cellular relay station for retransmis- 
sion to said means for receiving telemetrically- 30 
transmitted binary-coded air-content data from 
at least one cellular relay station. 
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